Scientists have made great eff orts in developing techniques to assess and monitor the rate of change in vegetation on global, regional and local scales. Vegetation indices are remote sensing measurements used to quantify vegetation cover, vigor or biomass for each pixel in an image. Besides the fact that no single method can be applied to all cases and regions, there are some factors that determine the remote sensing methods to be used in environmental change studies. Such factors include the spatial, temporal, spectral and radiometric resolutions of satellite image and environmental factors. The major question usually comes to mind of environmental researchers in any remote sensing research project is: What remote sensing method should be used to solve the research problem? Therefore, this paper evaluates methods used in the literature to assess, monitor and model environmental change, considering factors that determine the selection of those methods. The review shows over forty vegetation indices, out of which only three (Ratio Vegetation Index, Transformed Vegetation Index and Normalized Diff erence Vegetation Index) are commonly applied to vegetation assessment. The study show that out of all the vegetation indices, NDVI is the most widely applied to monitor vegetation change on regional and local scales.
INTRODUCTION
Diff erent methods have been used in the literature to assess vegetation change. Chen (2002) and Ouyang et al. (2010) have noted that the fast developing technology of remote sensing off ers an effi cient and speedy approach for mapping of basic change in vegetation types over large areas. Indeed over the past few decades, remote sensing techniques have been employed by many researchers to investigate change in landuse/landccover (Rao et al. 1999; DeFries and Belward 2000; Gonzalez 2001; Shi et al. 2002; Ruiz-Luna and Berlanga-Robles 2003; Gao and Liu 2010) . It has been shown in these studies that remote sensing is not only good for preparing landuse change maps and observing changes at regular intervals of time, but also cost and time eff ective. For example, Landsat data have been used to analyse environmental change in diff erent scales since the launch of Landsat MSS in 1972 (NRSA 1978 Salami 1999; Akumu et al. 2010) . However, it is apparent from literature that remote sensing of environmental change is infl uenced by a complex set of factors and diff erent studies sometimes arrive at diff erent conclusions about which landuse change detection techniques are most effective Lu et al. 2004) . Lu et al. (2004) categorized the remote sensing vegetation change detection methods that have been used in the literature as in Table 1 . It is evident from general reviews of other studies, that the remote sensing vegetation change detections methods could be predominantly grouped into two: non-classifi cation and classifi cation methods. This paper therefore, reviews commonly used non-classifi cation methods as related to vegetation change assessment.
Non-classifi cation Based Approaches to Change Detection
This section covers commonly used non-classification based approaches to landuse change detection. Such commonly used methods that will be discussed in this section include image regression; image ratioing; vegetation indices; Markov Chain, and Geographical Information System (GIS) approaches (Table 2) . Therefore, the main objective of this section is to assess the relative merits and limitations of each of these approaches, based on an environment related to that of the Niger Delta.
Image Regression
This method establishes the relationships between bi-temporal images. The model performs regression on the selected bands before implementing change detection: using regression function to subtract the previously regressed bands from the fi rst band. In the process, this method identifi es suitable bands and the thresholds to be used (Lu et al, 2004) . The regression equation function can be defi ned as follows:
Where pixels from t 1 are assumed to be a linear function of t 2 . From this equation, x is the pixel values at line i and column j. According to Singh (1989) , it is possible to regress k ij X t against k ij X t using a linear regression function. This method accounts for the diff erence in the mean and variance between the pixel values for diff erent periods of time. The merit of this method is that it reduces the eff ect of atmospheric, sensor and environmental diff erences between the two images obtained in a diff erent periods of time.
The major limitation of this approach, however, is that this technique is not acceptable if a large proportion of the study area has changed between the two image dates, since it is based on linearity assumption (Lu et al. 2004 , Bhatta 2010 .
Image Ratioing
The method involves dividing the radiance values from one or more image channels, by the radiance values of data in the same channels from diff erent dates. Studies have shown that image ratioing is a relatively rapid means of identifying areas of change in vegetation coverage (Nelson 1983; Prakash and Gupta 1998; Lu et al. 2004) . Prakash and Gupta (1998) reported further that the major advantage of this method is that it reduces the eff ects of sun angle, shadow, and topography on the images. In image ratioing, images are compared pixel by pixel using the equation as follows: 
Image Regression
It accounts for diff erences in reflectance mean and variance between dates and the image produced can be easily interpreted.
Since it is based on linearity assumption, this technique is not acceptable if a large proportion of the study area has changed between the two image dates. Singh (1989) , Song et al.(2001) , McGraw (2009 ), Bhatta (2010 .
Image ratioing
It reduces the eff ects of sun angle, shadow, and topography on the images.
The results are not normally distributed.
Prakash and Gupta (1998), Lu et al. (2004) , Bhatta (2010) .
Vegetation indices
It is simple and easy to apply and is a means of getting vegetation change information for the remote location.
Atmospheric conditions do have a signifi cant infl uence on the results. Bannari et al. (2003) , Matricard et al. (2010) , Xie et al. (2010) , Matricardi et al. (2010) .
Change vector analysis (CVA)
It is fl exible and easy to apply when using diff erent types of datasets.
It is diffi cult to identify vegetation change trajectory using this method.
Chen (2002), Lu et al. (2004) .
Markov Chain
It is possible to extract information which is not accessible using other change detection techniques.
The complexity of physical environment could aff ect the result.
Brown et al. (2000), Wang et al (2010) .
GIS-base Change Detection Method
Provides convenient tools for the multi-source data processing and are eff ective in handling the change detection analysis using multi-source data.
Proper knowledge of GIS is needed before using this method in landuse change analysis. RX this indicates the area of change, although, the sign of the value depends upon the nature of the changes between the two dates. Lu et al. (2004) noted the distribution of the results from this method is usually non-normal. They observed that if the distributions are non-normal, and functions of the standard deviations are used to delimit change from non-change, thus making the error rates on either side of the mode not to be equal. As with other change detection methods, another limitation of image ratioing method is the selection of appropriate threshold values in the lower and upper tails of the distribution to represent changed pixel values. According to Bhatta (2010) , the best way to achieve this is by selecting arbitrary threshold values and testing them to determine if the change detection was performed accurately. Prakash and Gupta (1998) applied the method in mapping environmental change in a coal mining area of Jharia coal field in India. They performed image ratioing with other methods and were able to map landuse changes along with other methods such as image diff erencing and differencing of NDVI images. The result from their study showed that image ratioing is sensitive to bad georeferencing, thus their study concluded that the results from image ratioing are not as accurate as results from other change detection methods.
Vegetation Indices
Vegetation indices are remote sensing approaches used to quantify vegetation cover, vigor or biomass for each pixel in an image (Ouyang et al. 2010) . Vegetation indices use spectral bands that are sensitive to plants. The red and near-infrared bands are usually used in this method because of their sensitivities in detecting vegetal cover. The spectral bands may be added, divided or multiplied to produce a single value (Lu et al. 2004; Matricard et al. 2010; Xie et al. 2010) . Over forty vegetation indices are found in the literature (Table 3) 
RVI has similar limitations and advantages (Bhatta 2010) . The main advantage of RVI is that it enhances the contrast between the vegetation and the ground, and it reduces the eff ects of varying illumination conditions. However, Bannari et al. (2003) have reported the limitation of RVI to be its sensitivity to the ground optical properties and its sensitivity to atmospheric eff ects thus makes its discriminating power weak when the vegetative cover is less than 50%. Out of all the vegetation indices, NDVI is the most widely applied to monitor vegetation change on regional and local scales. NDVI combines two channels (NIR and RED) in a normalized ratio, which makes it possible to diff erentiate vegetation cover signal from other objects as shown below.
NIR RED NDVI NIR RED
The lowest value represents the diff erence between the red and NIR, and especially indicates that the red value is higher than the NIR signal. A higher value signifi es a larger diff erence between the red and near infrared radiation recorded by the sensor (Bannari et al. 1995; Lu et al. 2004; Xie et al. 2010) . The value of this index ranges from -1 to +1. It has been shown in the literature that -1 value is generally from ice or cloud on the image, zero values stand for areas with no vegetation, and +1 value signifi es the maximum potential density and greenness of leaves. The common range for green vegetation is 0.2 to 0.8. Studies have shown that NDVI values that are less than zero do not have any ecological meaning, therefore, the vegetation index should range from 0.0 to 1.0 (Xie et al. 2010; Redowan and Kanan 2012) .
However, the major limitation of NDVI method is that it is infl uenced by environmental factors such as nature of soils; cloud cover and atmospheric eff ects (Bannari et al. 1995; Maxwell and Sylvester 2012; Redowan and Kanan 2012) . For instance, Matricard et al. (2010) Maxwell and Sylvester 2012; Redowan and Kanan 2012) . The majority of these studies have shown that the TVI should be used with great caution because this index could turn out to be more sensitive to a number of factors such as cloud condition, atmospheric and soil characteristics of the study area. Mostly to assess vegetation change, vegetation index diff erencing is commonly applied usually by subtracting the vegetation index images of one date from another. The left and right ends of the tails of the vegetation index diff erence image histogram detect a change in the vegetation. Several studies have used vegetation index diff erencing to assess vegetation change and it has often been found to be better than other methods (Bannari et al. 1995; Lu et al. 2004; Xie et al. 2010; Matricard et al. 2010; Ouyang et al. 2010) . For instance, Matricard et al. (2010) employed this method to assess tropical forest degradation caused by logging and fi re, using Landsat imagery and found it a reliable method to assess change in vegetation.
CONCLUSION
The question at hand is "which of these methods will be appropriate for a given change detection research project?" Or the best and overall suitable method for LUCC study of interest is not fully understood? Maybe that is why some scholars proposed and applied two or more methods in LUCC analysis (Petit et al., 2001; Rogan and Yool, 2001; Yang and Lo, 2002 , Wang et al, 2010 . Many of these studies have compared the eff ectiveness and benefi ts of using diff erent change detection methods in remote sensing research. The results from these studies showed that application of two or more change detection methods leads to a better accuracy of results and a better comparison of the methods. For example, Fung (1990) applied three of these methods: Image Diff erencing, PCA, and KT transformation for land-cover change detection. The conclusion from this literature review study is that images associated with changes in the near-infrared refl ectance could detect a change in land use patterns, even changes between vegetative and non-vegetative features could also be detected.
Above all, it is very clear from the reviewed studies above that there are a variety of change detection methods that have been used. However, it is still practically diffi cult to select a suitable method to apply in LUCC detection for a specifi c research project (Lu et al, 2004) . Selection of a suitable change detection method requires careful consideration of major factors such as peculiarity of the study area and the desired outcome of the research. Generally, it is practically impossible to apply all of the possible change detection methods in a LUCC research for the same data, the same study area and at the same time. What is revealing from this review is that reliability and accuracy of these methods depend on the nature of the research in terms of the environmental condition of the study area and the desired information to be derived from the analysis. Meanwhile, all methods are not totally right but some are useful, therefore, the methods should be viewed as complementary to each other.
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